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<Line 23 of the right column on page 1 to line 3 of the right column on page 2> 

The purpose of this invention is to provide methods for obtaining materials containing 
plural components having a linear slope of a component concentration distribution in not oniy 
a system in which diffusion or fusion can arise but also a system in which general diffusion or 
fusion cannot arise {for example, a mixture of solid compounds and metals). 

That is, this invention is characterized by obtaining materials containing plurai 
components, wherein plural zonal evaporation sources each containing different materials 
are arranged approximately parallel to each other or radially in a vacuum vessel, an 
evaporation substrate is placed in an approximately vertical direction of the evaporation 
sources, a masking shield having edge effects at ends are placed so as to draw a half 
shading between the evaporation sources and the evaporation substrate, and the materials 
are evaporated on the evaporation substrate by evaporating each material from the 
evaporation sources. 

This invention is explained in detail as follows. 

In a schematic representation of a device shown in FIG. 2(1), evaporation is generally 
performed after a masking shield 3 is placed in an approximately vertical direction of one 
side of a linear evaporation source 2 and an evaporation substrate 4 is placed over the 
masking shield 3. When the distance from the evaporation source 2 to the substrate 4 is 
sufficiently longer than the length p-q of the evaporation source 2, it is known that the slope 
of the evaporation amount is almost linear. That is, as shown in FIG. 2(11), when the 
evaporation source 2 having a length p-q is flat, the evaporation amount is 100% between c 
and d (the dotted-line d is a boundary line), 0% between e and f (the point e is a boundary), 
and approximately linearly changes between d and e in the substrate 4 

Since it is difficult to produce binary alloys or two-component mixing materials (for 
example, two-component materials such as metals and ceramics) by diffusion, the inventors 
therefore found that evaporating each material can provide an evaporated film of materials 
containing plural components which have a linear slope of concentration distribution, based 
on the above principal. 

First, a method for producing two-component materials is described. In a schematic 
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representation of the device shown in FIG. 3(1), zonal evaporation sources 5, 6 containing A 
and B materials are arranged approximately parallel to each other, a masking shield 7 having 
vertical edge effects at ends (there is a path for an evaporant in a central part of the masking 
shield) is placed so as to draw a haff shading between the evaporation sources 5, 6 and an 
evaporation substrate 8, and the materials are evaporated on the evaporation substrate 8 by 
evaporating each of materials A and B from the evaporation sources 5, 6. As a result, an 
alloy (or a mixed material) having an ideal ratio of material A to material B can be obtained, 
as shown in FIG. 3(11). FIG. 4 shows transmittance measured by using a photomultiplier 
while irradiating light to a film obtained by evaporating only material A on the evaporation 
substrate 8. Since the transmittance is proportional to e"^^ (wherein x represents film 
thickness), a logarithm of this transmittance is proportional to the film thickness. Therefore, 
as clarified in FIG. 4, it can be recognized that the film thickness varies in proportion to the 
distance from an edge of the substrate 8. According to this measurement, it is obvious that 
placing the mask shield 7 so as to draw a half shading between the evaporation sources 5, 6 
and the substrate 8 can provide two-component materials having a half 
shading-concentration distribution. 

Further, the unlfomnity of the film thickness in a thickness direction can be easily 
achieved by controlling the evaporation rate so as to co-evaporate materials A and B at an 
ideal rate. On the other hand, when each material can heat-diffuse and fuse, the 
evaporation rate is not sufficiently affected, because the integral quantity of components of 
each material evaporated on each portion from start to finish is Important. Furthermore, in a 
schematic representation of a device shown In FIG, 5, materials A and B are contained in 
evaporation sources 9, 10, the materials are evaporated on a substrate 13 having a mask 12 
via a mask shield 1 1 having edge effects at both ends placed over the center of the 
evaporation sources 9,10. As a result, two-component materials having a half 
shading-concentration distribution can be obtained, as shown in the distribution state 
diagram of the film thickness of FIG. 5(11). This distribution is a result opposite to that shown 
in FIG. 3(11). En addition, if the mask shield has rounded ends which do not have edge 
effects, it is not preferable because the concentration distribution becomes non-uniform. 
AlsOj when spherical or approximately square evaporation sources are used instead of the 
zonal evaporation sources, ft is not preferable for the same reasons as above, 

< Example 1> 

In a schematic representation of a device shown In FfG. 7(i), a molybdenum 
evaporation source 19 (effective length: 92mm, width: 6mm) containing Mn and an 
evaporation source 20 (the same size as above) containing Sn were arranged approximately 
parallel at an interval of 10mm, a glass evaporation substrate 21 was then placed over the 
evaporation sources 19, 20 (210mm above in a vertical direction), and a mask shield 22 
(width: 150mmx200mm, thickness: 1mm) having a path for an evaporant (pore width: 40mm, 
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pore length: 100mm} was placed so as to draw a half shading between the evaporation 
sources 19, 20 and the substrate 21 (90mm below the substrate 21) in a vacuum vessel {not 
shown). The vacuum vessel was exhausted to a vacuum of 10^^ torr while maintaining the 
substrate 21 at 300'*C, and the evaporation sources 19, 20 were simultaneously subjected to 
a current heating for 3 minutes to evaporate each of the materials (Mn) and (Sn) on the 
substrate 21 . After cooling, the vacuum was broken, and the substrate 21 was brought out 
The measured width of the deposition film of Mn-Sn two-component material was 95mm. 
Also, at the edges of the film, the parts containing only one component which do not become 
a binary alloy were 4mm. As shown in the distribution state diagram of the film thickness of 
FIG. 7(11), the part having a half shading-concentration distribution of Mn-Sn alloy was 80mm, 
Further, the quafitative distribution state of the evaporation film of this binary alloy was 
measured by using a highly-sensitive astatic magnetometer, and the curve shown In the 
magnetic signature of FIG. 8(1) was obtained. As clarified In this FIG., It can be recognized 
that the evaporation film within 5-6cm from edges of the evaporation film has strong 
magnetic properties. This demonstrates that a composition of the evaporation film changed 
depending on continuous concentration distribution and an alloy was formed. 

Further, FIG. 8(11) shows a photograph of the surface state of the binary alloy 
evaporation film obtained. A large portion had a mirror gloss, but parts close to Sn were 
white silver. That is, a range of 3.5-5mm in the scale of this FIG., was slightly cloudy, a range 
of 5-6.5mm was largely cloudy, and the other was a completely mirror surface. FIG. 8{ll!) 
shows the results obtained by investigating the distribution state of each element in this film 
by a X-ray diffraction. As clarified by this FIG., it was identified that (3-Sn, MnSn2, MnaSn, 
a-Mn having a considerable width were obtained in boundaries of each phase. In this FIG., 
the part represented by X has some lines which are not found in ASTM. In particular, this X 
part was easily exfoliated by increasing the cooling rate after the evaporation. 

It can be recognized that when the evaporation film obtained was heated under a 
vacuum of about 10'^orr, only parts within 6.5-9.5cm were oxidized to display blue and other 
parts did not change. 
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<Figures 2-5 and 7> 



FIG.2 
(ii) 
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FIG. 5 

(ii) 



FIG. 7 
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